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(57) ABSTRACT

A semiconductor device includes: a Through Silicon Via
(TSV) region extending in a first direction and crossing a
center portion of a semiconductor device; a plurality of cell
regions disposed at both sides of the TSV region in a second
direction crossing the first direction; a plurality of peripheral
circuit regions each disposed between the TSV region and a
corresponding cell region or between two neighboring cell
regions in the first direction; a plurality of test pad regions
each disposed at an edge portion of the semiconductor device
and having a plurality oftest pads, wherein the plurality of test
pad regions encloses the cell regions, the peripheral circuit
regions, and the TSV region; and a reservoir capacitor dis-
posed below corresponding test pads in a test pad regions.

9 Claims, 4 Drawing Sheets
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1
SEMICONDUCTOR DEVICE INCLUDING A
RESERVOIR CAPACITOR

CROSS-REFERENCE TO RELATED
APPLICATION

Priority to Korean Patent Application No. 10-2014-
0064515 filed on 28 May 2014, the disclosure of which is
hereby incorporated in its entirety by reference, is claimed.

BACKGROUND

Embodiments of the present disclosure relate to a semicon-
ductor device, and more particularly to a semiconductor
device including a reservoir capacitor.

Generally, a semiconductor device such as a DRAM
includes a large number of small elements and generates an
internal voltage to operate these elements. For example, vari-
ous power sources are used to operate capacitors in a cell
region and semiconductor elements in other regions that
include a peripheral circuit region. When power sources sup-
ply voltages to the semiconductor elements, the supplied
voltages may have unstable levels because of noise included
therein. A reservoir capacitor may be used to reduce such
noise and stabilize the supply of a power voltage and/or a
ground voltage.

Typically, a reservoir capacitor is disposed in a peripheral
circuit region of a semiconductor device and includes a plu-
rality of Metal-Oxide-Semiconductor (MOS) transistors,
each of which includes a gate, a source, and a drain. A source
and a drain of a MOS transistor are electrically coupled to
each other and form one end of a MOS capacitor so that the
MOS transistor acts as the MOS capacitor.

A MOS capacitor includes a gate oxide film that has supe-
rior inner pressure characteristics when a voltage is applied to
both ends of the MOS capacitor. Assuming that there is suf-
ficient space for forming capacitors in a peripheral circuit
region, MOS capacitors can be formed in the peripheral cir-
cuit region when MOS transistors are formed in a cell region.
That is, the MOS capacitors disposed in the peripheral circuit
region and the MOS transistors disposed in the cell region can
be formed in the same process. Thus, a fabrication process of
a semiconductor device can be simplified.

However, as the integration degree of a semiconductor
device increases, the integration degree of the peripheral cir-
cuit region also increases. As a result, the size of a region in
which a reservoir capacitor including a plurality of MOS
capacitors can be formed is reduced. While a MOS capacitor
has superior inner pressure characteristics for a voltage
applied to both ends thereof, since a MOS capacitor has low
electrostatic capacitance per unit area, it is difficult to use
MOS capacitors as a reservoir capacitor in a highly-integrated
semiconductor device.

SUMMARY

Various embodiments of the present disclosure are directed
to a semiconductor device including a reservoir capacitor that
addresses one or more issues of the related art.

Anembodiment of the present disclosure relates to a highly
integrated semiconductor device including a reservoir capaci-
tor having a large capacity (e.g., LF-grade capacitance).

In accordance with an aspect of the present disclosure, a
semiconductor device includes: a Through Silicon Via (TSV)
region extending in a first direction and crossing a center
portion of the semiconductor device; a plurality of cell
regions disposed at both sides of the TSV region in a second
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direction crossing the first direction; a plurality of peripheral
circuit regions, each disposed between the TSV region and a
corresponding cell region or between two neighboring cell
regions in the first direction; a plurality of test pad regions,
each disposed at an edge portion of the semiconductor device
and including a plurality of'test pads, the plurality of test pad
regions enclosing the cell regions, the peripheral circuit
regions, and the TSV region; and a reservoir capacitor dis-
posed below corresponding test pads in the test pad regions.

It is to be understood that both the foregoing general
description and the following detailed description of embodi-
ments are exemplary and explanatory.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a layout of a semiconductor device
according to an embodiment of the present disclosure.

FIG. 2 illustrates reservoir capacitors according to embodi-
ments of the present disclosure.

FIG. 3 illustrates a cell reservoir capacitor suitable for use
in the reservoir capacitors of FIG. 2 according to an embodi-
ment the present disclosure.

FIG. 4 is a circuit diagram illustrating a reservoir capacitor
according to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to certain embodi-
ments, examples which are illustrated in the accompanying
drawings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same or
like parts. In the following description, a detailed description
of well-known configurations or functions may be omitted.
Embodiments described in the specification and shown in the
drawings are purely illustrative and are not intended to rep-
resent all aspects of the invention, such that various equiva-
lents and modifications may be made without departing from
the spirit of these embodiments.

FIG. 1 illustrates a layout of a semiconductor device
according to an embodiment of the present disclosure.

Referring to FIG. 1, a Through Silicon Via (TSV) region
110, which includes a plurality of Through Silicon Vias
(TSVs) to electrically interconnect stacked chips, extends in
a first direction to cross a center portion of the semiconductor
device (or semiconductor chip).

Cell regions 212, 214, 216, and 218 may be disposed at
both sides of the TSV region 110 in a second direction cross-
ing the first direction. For example, referring to FIG. 1, the
TSV region 110 extends from left to right across a center
portion of the semiconductor device, and cell regions 212,
214, 216, and 218 are arranged at either side of the TSV
region 110 at the top and bottom of the figure. Peripheral
circuit regions 312, 314, 316, and 318 may be disposed
between the TSV region 110 and the cell regions 212, 214,
216, and 218, respectively. A peripheral circuit region 322 is
disposed between the peripheral circuit regions 312 and 314
and between the cell regions 212 and 214. A peripheral circuit
region 324 is disposed between the peripheral circuit regions
316 and 318 and between the cell regions 216 and 218.

A plurality of test pad regions 412, 414, 422, and 424 may
enclose the cell regions 212, 214, 216, and 218, the peripheral
circuit regions 312, 314,316, 318, 322, and 324, and the TSV
region 110 and may be disposed at edge portions of the
semiconductor device. Each of the test pad regions 412, 414,
422, and 424 may include a plurality of test pads TEST PAD
disposed in an array to test operations of the semiconductor
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device at a wafer level. In an embodiment, the test pads TEST
PAD may contact probe card pins of a test device (not shown).

The test pad array disposed in the test pad regions 412, 414,
422, and 424 may be used to test the operations of the semi-
conductor device only at a wafer level. Thus, the test pad array
may not be used after the semiconductor device is packaged.
That is, the test pads TEST PAD disposed in the test pad
regions 412, 414, 422, and 424 may not be wire-bonded when
the semiconductor device is packaged. In addition, the test
pad regions 412, 414, 422, and 424 may not be used when the
semiconductor device is in a product.

Therefore, in some embodiments of the present disclosure,
reservoir capacitors may be disposed below the test pad
arrays in the test pad regions 412, 414, 422, and 424. In an
embodiment, a reservoir capacitor includes a plurality of cell
reservoir capacitors, each of which has substantially the same
structure as a cell capacitor disposed in a unit cell of the cell
regions 212, 214, 216, and 218.

FIG. 2 illustrates reservoir capacitors according to embodi-
ments of the present disclosure. FIG. 3 illustrates a cell res-
ervoir capacitor of a reservoir capacitor according to an
embodiment of the present disclosure.

Referring to FIG. 2, a reservoir capacitor includes a first
capacitor group (or a first plurality of cell reservoir capaci-
tors) 516 and a second capacitor group (or a second plurality
of cell reservoir capacitors) 518, which are coupled in series
between a first power-supply source 512 and a second power
supply source 514. For example, as shown in FIG. 2, a first
terminal of the first capacitor group 516 is coupled to the first
power supply source 512, and a second terminal of the first
capacitor group 516 is coupled to a first terminal of the second
capacitor group 518. A second terminal of the second capaci-
tor group 518 is coupled to the second power supply source
514. In an embodiment, the first power supply source 512
may be a power voltage supply source, and the second power
supply source 514 may be a ground voltage supply source.

Each ofthe first capacitor group 516 and the second capaci-
tor group 518 may include a plurality of cell reservoir capaci-
tors coupled in parallel to each other. A cell reservoir capaci-
tor included in any of the first capacitor group 516 and the
second capacitor group 518 may have a structure that is
substantially identical to that of a cell capacitor included in a
unit cell of the cell regions 212, 214, 216, and 218, and may
also be formed at the same time the cell capacitor is formed.

Referring to FIG. 3, a cell reservoir capacitor included in
any of the first and second capacitor groups 516 and 518 may
be disposed between a semiconductor substrate 500 and a test
pad 600. In this case, the test pad 600 may be disposed in any
of the test pad regions 412, 414, 422, and 424, as shown in
FIG. 1. Each cell reservoir capacitor may include a stacked
structure having a first conductive layer 522, a dielectric layer
526, and a second conductive layer 524. In an embodiment,
each of the first conductive layer 522 and the second conduc-
tive layer 524 may be a thin film of polysilicon or metal. The
dielectric layer 526 may include a material having a high
dielectric constant (high permittivity) or a ferroelectric mate-
rial. Although a flat-type cell reservoir capacitor is shown in
FIG. 3 for convenience of description and to enhance under-
standing, it would be obvious to those skilled in the art that the
cell reservoir capacitor can have any of various shapes, such
asacylindrical or pillar shape, based on the present disclosure
and the teachings provided herein.

The cell reservoir capacitor may be a large-capacity
capacitor, which has pF-grade capacitance, and may have
substantially the same capacitance value as that of a cell
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capacitor of a unit cell. In an embodiment, the cell reservoir
capacitor has a capacitance value in a range from about 1 puF
to about 9 uF.

Referring back to FIG. 2, although FIG. 2 shows two
capacitor groups 516 and 518 coupled in series to each other
for convenience of description, embodiments of the present
disclosure are not limited thereto. In some embodiments,
three or more capacitor groups may be coupled in series to
one another.

The first power supply source 512 may be coupled to the
first capacitor group 516 through a conductive line e.g., a first
metal line, and the second power supply source 514 may be
coupled to the second capacitor group 518 through a conduc-
tive line, e.g., a second metal line. On the other hand, a
semiconductor device on which the test operation is per-
formed may not include the first metal line for interconnect-
ing the first power supply source 512 and the first capacitor
group 516, and the second metal line for interconnecting the
second power supply source 514 and the second capacitor
group 518. That is, the semiconductor device to be tested may
not electrically interconnect the first power supply source 512
and the first capacitor group 516 and/or the second power
supply source 514 and the second capacitor group 518. As a
result, the semiconductor device may be open between the
first power supply source 512 and the first capacitor group
516 and/or between the second power supply source 514 and
the second capacitor group 518. Thus, the semiconductor
device can prevent the first power supply source 512 and the
second power supply source 514 from being short-circuited
by excessive contact of a probe card pin during the test opera-
tion.

A large-capacity (e.g., uF-grade) capacitor such as the cell
reservoir capacitors of FIG. 2 may have a high Equivalent
Series Resistance (ESR). Although such a large-capacity
capacitor can effectively reduce a low-frequency noise, it
may be difficult to reduce a high-frequency noise using only
cell reservoir capacitors. Therefore, in an embodiment, cell
reservoir capacitors (e.g., uF-grade capacitors) and MOS
capacitors (e.g., nF-grade capacitors) may be implemented
together to effectively reduce high-frequency noise as well as
low-frequency noise.

FIG. 4 is a circuit diagram illustrating a reservoir capacitor
according to an embodiment of the present disclosure. FIG. 4
shows a reservoir capacitor that includes first and second
pluralities of cell reservoir capacitors 516 and 518 and a
plurality of MOS capacitors 530.

In addition to a configuration of the reservoir capacitor
shown in FIG. 2, the reservoir capacitor of F1G. 4 includes the
plurality of MOS capacitors 530, which is coupled in parallel
to the reservoir capacitor of FIG. 2. The reservoir capacitor of
FIG. 4 may further include a plurality of gate protection
diodes D1 and D2 respectively coupled to gates of the MOS
capacitors 530. The plurality of MOS capacitors 530 may be
disposed over an active region of a semiconductor substrate in
the test pad regions 412, 414, 422, and 424, and may be
disposed below the cell reservoir capacitors 516 and 518. The
above-mentioned MOS capacitors 530 may have a capaci-
tance value in a range from about 1 nF to about 9 nF.

Embodiments of the present disclosure form a plurality of
cell reservoir capacitors each having uF-grade capacitance in
a semiconductor device, without substantially increasing the
chip size. As a result, these embodiments can be used in a
Power Distribution Network (PDN) of High Bandwidth
Memory (HBM) products to which Through Silicon Vias
(TSVs) are applied.

Those skilled in the art will appreciate that embodiments of
the present disclosure may be carried out in other ways than
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those set forth herein without departing from the spirit and
essential characteristics of these embodiments. The above
embodiments are therefore to be construed in all aspects as
illustrative and not restrictive.

The above embodiments of the present disclosure are illus-
trative and not limitative. Various alternatives and equivalents
are possible. Nor are embodiments limited to any specific
type of semiconductor devices. For example, embodiments
may be implemented in a volatile memory device, such as a
dynamic random access memory (DRAM) device, or a non-
volatile memory device. Other additions, subtractions, or
modifications are obvious in view of the present disclosure
and are intended to fall within the scope of the appended
claims.

What is claimed is:

1. A semiconductor device comprising:

a Through Silicon Via (TSV) region extending in a first
direction and crossing a center portion of the semicon-
ductor device;

aplurality of cell regions disposed at both sides of the TSV
region in a second direction crossing the first direction;

a plurality of peripheral circuit regions, each disposed
between the TSV region and a corresponding cell region
or between two neighboring cell regions in the first
direction;

a plurality of test pad regions, each disposed at an edge
portion of the semiconductor device and including a
plurality of test pads, the plurality of test pad regions
enclosing the cell regions, the peripheral circuit regions,
and the TSV region; and

a reservoir capacitor disposed below corresponding test
pads in the test pad regions.

2. The semiconductor device according to claim 1, wherein

the reservoir capacitor includes:

afirst capacitor group and a second capacitor group, which
are coupled to each other in series and disposed in series
between a first power supply source and a second power
supply source.
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3. The semiconductor device according to claim 2, wherein
the first capacitor group and the second capacitor group
include a first plurality of cell reservoir capacitors and a
second plurality of cell reservoir capacitors, respectively, the
first plurality of cell reservoir capacitors being coupled in
parallel to each other, the second plurality of cell reservoir
capacitors being coupled in parallel to each other.

4. The semiconductor device according to claim 3, wherein
each of the cell reservoir capacitors is substantially identical
in structure to a cell capacitor disposed in a cell region.

5. The semiconductor device according to claim 4, wherein
each of the cell reservoir capacitors has a puF-grade capaci-
tance value.

6. The semiconductor device according to claim 3, wherein
the reservoir capacitor further comprises:

a Metal-Oxide-Semiconductor (MOS) capacitor coupled
between the first power supply source and the second
power supply source.

7. The semiconductor device according to claim 6, wherein
the reservoir capacitor further comprises:

a gate protection diode coupled to a gate of the MOS
capacitor.

8. The semiconductor device according to claim 6, wherein
the MOS capacitor has a nF-grade capacitance value.

9. The semiconductor device according to claim 1, wherein
the reservoir capacitor includes: a first capacitor group and a
second capacitor group, which are coupled to each other in
series and disposed between a first power supply source and a
second power supply source, and

wherein the first capacitor group and the second capacitor
group are electrically separate from the first power sup-
ply source and the second power supply source, respec-
tively.



